In the present study the morphology and ciliary pattern of three marine tintinnid ciliates, namely Tintinnopsis tocantinensis Kofoid and Campbell, 1929 , Tintinnopsis radix (Imhof, 1886 ) Brandt, 1907 , and Tintinnopsis cylindrica Daday, 1887, isolated from Chinese coastal waters off Shenzhen and Qingdao, respectively, were investigated using living observation and silver impregnation methods. Detailed ciliary patterns of T. tocantinensis and T. radix are reported here for the first time, comprising a ventral, dorsal, and posterior kinety as well as a right, left, and lateral ciliary field. Furthermore, based on previous and present investigations, redescriptions for all three species and improved diagnoses for T. tocantinensis and T. radix are supplied.
Introduction
Oligotrichs (s.l.) are one of the most common groups of planktonic ciliates, inhabiting in both marine and fresh waters (e.g., Agatha 2011; Gao et al. 2009; Foissner and Wilbert 1979; Kim et al. 2010; Liu et al. 2009 Liu et al. , 2011a McManus et al. 2010; Tsai et al. 2010; Zhang et al. 2010) . Considering the pathway of energy and materials, they are important elements of the planktonic food web (Choi et al. 1992; Dolan 1991; Jiang et al. 2011a,b; Pierce and Turner 1992 , 1994 . Marine tintinnids are characterized by their highly During surveys on ciliate fauna in costal regions of Chinese seas, three tintinnid ciliates were collected, namely Tintinnopsis tocantinensis, T. radix, and T. cylindrica. Tintinnopsis cylindrica has been recently redescribed based on a German population, including details of its cell morphology (Agatha and Riedel-Lorjé 2006) . Tintinnopsis tocantinensis and T. radix are known only from their lorica (Balech 1948 (Balech , 1959 Dolan 1991) . The knowledge of their ciliary pattern and living morphology is still inadequate. In the present study, we examined specimens of all three species both in vivo and following protargol impregnation. A morphological redescription and an improved diagnosis are supplied for each. Specimens were isolated in the laboratory and observed in vivo. The protargol impregnation followed the protocol of Song and Wilbert (1995) . Counts and measurements on protargol-impregnated cells were performed at a magnification of 1000×, while in vivo measurements were made at magnifications of 40-1000×. Drawings of protargolimpregnated specimens were made with the help of a camera lucida. Terminology is mainly according to Agatha and Riedel-Lorjé (2006) and systematics according to Lynn (2008) . Table 1 ). Wall of lorica densely covered with field material, rigid, about 2 m thick, without spiralled or annulated structures. Agglomerated particles of abiotic and, rarely biotic (e.g., diatom frustules and their fragments) origin (Fig. 1C) .
Material and Methods

Surface water samples containing
Results and Discussion
Fully extended cell 40-70 m × 20-40 m in vivo, elongate obconical, i.e. cell proper gradually merges ventrolaterally into slender, wrinkled, and highly contractile stalk; stalk up to 60 m long, attached to transition zone between lorica bowl and posterior process (Figs 1A, 2A) . Two ellipsoidal macronuclear nodules, one each in anterior and posterior halves of cell, with several large (about 4 m across) and small (1-2 m across) dark inclusions, probably nucleoli (Fig. 1E) . Two globular micronuclei, one adjacent to each macronuclear nodule, difficult to recognize because usually only faintly impregnated with protargol. Neither contractile vacuole nor cytopyge recognized. Accessory combs, striae, tentaculoids, and capsules not recognized. Cytoplasm colourless, containing food vacuoles up to 8 m in diameter. Swims rapidly while rotating about main cell axis, reversing rapidly on collision with an obstacle. If disturbed, cells retracting quickly into lorica, with motionless membranelles bending towards centre of peristomial field. Eventually cells slowly extending out of lorica aperture spreading collar membranelles almost perpendicularly to main cell axis, and resume swimming and feeding (Fig. 1B) . Lorica abandonment never observed.
Somatic ciliary pattern typical of genus (Agatha and Strüder-Kypke 2007) , i.e. comprising ventral, dorsal, and posterior kineties as well as right, left, and lateral ciliary fields (Figs 1G, H, J, K, 2C-E). Length of kineties and number of kinetids usually highly variable. Ventral kinety commencing about 5 m behind collar membranelles, curving slightly leftwards, extending in parallel to kineties of lateral ciliary field, composed of densely spaced monokinetids in anterior portion but more widely ones in posterior portion; cilia increase in length from about 3 m in anterior portion to 5-6 m in posterior (Figs 1J, 2C, E) . Dikinetidal dorsal kinety commencing 1-2 m posterior to collar membranelles, about 10 m from left and 20 m from right spaced monokinetids and one anterior dikinetid; cilia 5-6 m long, except for the 9-10 m long anteriormost dikinetidal cilia (Figs 1J, 2C, E). Kineties of left ciliary field commencing about 5 m behind collar membranelles, composed of widely spaced monokinetids with one anterior dikinetid, their length increasing in clockwise direction when viewed from apical aspect; cilia 3-4 m long, except for the 7-9 m long anteriormost dikinetidal cilia (Figs 1H, 2D ). Lateral ciliary field with about nine monokinetidal kineties, composed of closely spaced monokinetids with cilia about 2 m long. The last kinety extending parallel to the distinctly curved ventral kinety ( Figs 1J, 2C-E ). An argyrophilic structure, probably fibrillar, originating in circular fibres below collar membranelles, extending longitudinally posteriorly and connecting kinetids in ciliary rows and parallelling to cell surface (Fig. 1F, K) .
Oral apparatus occupying anterior cell portion. Adoral zone of membranelles closed, lying orthogonally to main cell axis, consisting of 20-24 collar membranelles with cilia up to 25-30 m long ( Figs 1B, 2A, D, E) , including three that are significantly prolonged and a single buccal membranelle ( Figs 1D, 2C) . Endoral membrane composed of a single row of monokinetids, extends across peristomial field and right wall of buccal cavity (Fig. 2C) .
Cell division
Enantiotropic division with hypoapokinetal formation of the oral primordium in a subsurface pouch left of ventral kinety and posterior to the lateral ciliary field (Fig. 1I) . Adoral membranelles immediately beginning to differentiate within this cuneate field of basal bodies. Each macronuclear nodule has a replication band. Lorica formation not observed.
Ecological features of Daya Bay population
Water temperature 17.7 • C, salinity 30.4‰, pH 8.5.
Morphological comparison and remarks
Tintinnopsis tocantinensis is a widely distributed species that has been well-documented (e.g., Balech 1948; Dolan 1991; Zhang and Wang 2000) . We identified this Chinese population based on the lorica features. It agrees well with the original population described by Brandt (1906 Brandt ( , 1907 ; (as T. aperta var. a) for which Kofoid and Campbell (1929) established T. tocantinensis in lorica appearance, thus both can be regarded as conspecific. The lorica shape of our isolate matches that of type population (Brandt 1906 (Brandt , 1907 very well, although it is considerably longer (112-160 m vs. 85 m). It differs from T. aperta Brandt, 1906 Brandt, , 1907 in shorter lorica length (112-160 m vs. 130-300 m), longer bulbous part and stouter tapered portion (e.g., Brandt 1906 Brandt , 1907 Balech 1948) . Furthermore, the lorica size of our population falls well within the range of most other populations (e.g., Balech 1948; Cosper 1972; Paulmier 1997; Xu and Song 2005) (2005) is particularly strong. Hence, the identity of our population is not in doubt. Additionally, we supply an improved diagnosis.
Cell features for Tintinnopsis species have been rarely investigated. Nevertheless, the somatic ciliary pattern and oral apparatus of T. tocantinensis were found to be similar to those in Tintinnopsis cylindrata (Foissner and Wilbert 1979) , T. cylindrica (Agatha and Riedel-Lorjé 2006) , T. fimbriata (Agatha 2008) and T. parvula (Agatha 2010a) with collar membranelles (including prolonged collar membranelles), one buccal membranelle, a ventral, dorsal, and posterior kinety as well as a right, left, and lateral ciliary fields.
Ontogenesis has been partially studied after protargol impregnation at least in seven species of tintinnids, namely Codonella cratera (Petz and Foissner 1993) , Cymatocylis convallaria (Petz et al. 1995) , Favella sp. (Laval-Peuto 1994), Stenosemella pacifica (Agatha and Tsai 2008) , Tintinnopsis cylindrica (Agatha and Riedel-Lorjé 2006) , T. fimbriata (Agatha 2008) , and T. parvula (Agatha 2010a) . Tintinnopsis tocantinensis is consistent with all these in that the oral primordium is located posterior to the lateral ciliary field. The posterior kinety curves along the lower right margin of the oral primordium. 
Improved diagnosis
Lorica 190-524 m long, aperture 35-72 m in diameter, elongated, narrowing gradually to pedicel with opening near tip, wall thin and agglomerated. Cell elongate-obconical and highly contractile. Two macronuclear nodules and two micronuclei. Ventral kinety commencing anterior to second 
Deposition of voucher slides
One voucher slide (No. YJP07091101) with protargolimpregnated specimens is deposited at the Laboratory of Protozoology, Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao. A second voucher slide with protargol-impregnated specimens is deposited in the Natural History Museum, London, UK with Registration No. NHMUK 2011.8.25.2.
Description of specimens from the Jiaozhou Bay population
Lorica conspicuously elongated and narrow, 190-340 m long and 35-70 m wide, with long anterior cylinder, posterior cone narrowing gradually to pedicel which often has an opening near tip ( Figs 3A, 4A, B) . Lorica wall thin, agglomerated with mineral particles.
Cell obconical ( Figs 3A, B, 4A ). Posterior end narrowed and always forming a stalk, which attached to tapered portion of lorica (Fig. 4A) . Cortex fragile and cell easily bursting. Cell retracting quickly into lorica with its contractile stalk and posterior portion when being disturbed. Neither contractile vacuole nor cytopyge observed (Fig. 3A, B) . Accessory combs, striae, tentaculoids, and capsules not recognized.
Buccal cavity relatively shallow and inconspicuous. Buccal apparatus consisting of 18-20 collar membranelles with cilia about 30 m long, including five prolonged collar membranelles and one buccal membranelle (Figs 3C, E, 4C-E). Buccal membranelle separated from prolonged collar membranelles and closed to endoral membrane ( Figs 3C, 4D) . Endoral membrane composed of a single row of ciliated monokinetids and located on right side of oral groove ( Figs 3C, E, 4D) .
Two ellipsoidal to ovoidal macronuclear nodules, 8-20 m × 5-12 m, one each in anterior and posterior Figs 3D, F, 4C, D) . Each of these somatic kineties comprising densely arranged monokinetids with one dikinetid at anterior end (Fig. 4E) . Kineties in lateral ciliary field commencing about 5 m behind collar membranelles, composed of 19-24 ciliated kinetids, 8-20 m long, anterior kinetids typically closely spaced, leftmost kineties with more widely spaced ciliated kinetids, the rightmost kinety extending parallel to the distinctly curved ventral kinety (Fig. 3F , G, K).
Cell division
Only few sufficiently impregnated dividers were found (Fig. 3J, K) . Oral primordium is located posterior to the lateral ciliary field (Fig. 3J, K) . The ventral kinety curves along the right margin of the oral primordium (Fig. 3K) . One replication band each traverses the macronuclear nodules (Fig. 3J) .
Ecological features
Water temperature 13 • C, salinity about 30‰, pH about 8. 
Comparison and remarks
Although Tintinnopsis radix has been reported several times over the past 80 years (Durán 1953; Kofoid and Campbell 1929; Marshall 1969; Paulmier 1995) , its cell features had never been disclosed. Based on previous and current detailed observation, an improved diagnosis is presented here.
Tintinnopsis radix was first reported by Imhof (1886) under the basionym Codonella radix, and redescribed by Brandt (1907) who transferred it to Tintinnopsis Stein, 1867. Tintinnopsis radix was subsequently reported on several occasions (e.g., Balech 1959; Dolan 1991; Durán 1953; Gold and Morales 1976; Kofoid and Campbell 1929; Marshall 1969; Paulmier 1995 Paulmier , 1997 Pierce and Turner 1994; Tregouboff 1957; Xu and Song 2005) and in all cases it is characterized by its lorica morphology. The lorica of the Chinese population matches the original description (Imhof 1886) (Balech 1959; Kofoid and Campbell 1929; Marshall 1969; Paulmier 1997 
Description of Chinese population
Lorica 135-180 m long, aperture 45-50 m wide, posteriorly tapered, merging into straight cylindroidal process about 20 m long and 10-15 m wide (Figs 5A, 6A-C).
Cells elongate obconical and highly contractile ( Figs 5A, 6A, B) . Posterior end narrowed and always forming a short stalk, with which cell adheres to inside of lorica (Fig. 6A, B) .
Two macronuclear nodules, 8-22 m × 8-15 m, possessing many large nucleoli. Two micronuclei each closely associated to one of the macronuclear nodules (Fig. 5E) .
About 20 collar membranelles, including one buccal membranelle and four prolonged collar membranelles (Fig. 5I) . Endoral membrane comprising a single row of ciliated monokinetids, located on right side of oral groove ( Figs 5F-H, 6C) .
Somatic ciliature composed of one ventral, one posterior, and one dorsal kinety (Figs 5J-M, 6D-F). Ventral kinety with 44-67 monokinetids (Fig. 5M ), dorsal kinety with 30-56 closely spaced dikinetids (Fig. 5J) , and posterior kinety with 10-19 closely spaced dikinetids (Figs 5J, 6E) .
Kineties in right and left ciliary fields composed of monokinetids with a dikinetid at anterior end, whereas kineties of lateral ciliary field entirely monokinetid 
Ecological features
Water temperature about 8 • C, salinity about 31‰, pH 8.4.
Comparison and remarks
Tintinnopsis cylindrica was first reported under the name Tintinnopsis davidoffii var. cylindrica Daday, 1887 . Wright (1907 raised it to species rank. Agatha and Riedel-Lorjé (2006) supplied the details of the cell morphology, firstly reported its ciliary pattern based on a population from Germany, and also established a neotype. The Chinese population closely resembles both the population studied by Daday (1887) and the neotype in terms of the size and shape of the lorica. Furthermore, the somatic ciliary pattern and the oral apparatus correspond with those of the neotype, although the Chinese population has fewer posterior kinetids (10-19 vs. 15-45) (Agatha and Riedel-Lorjé 2006) .
